Abstract-Chemical conditioning pretreatment does not always improve sludge dewaterability sufficiently for flocculated sludges with high compressibilities. Physical conditioners, often knows as skeleton builders, are commonly used to improve the dewaterability of sewage sludge. In this study, natural zeolite was used as a skeleton builder, in combination with cationic polyacrylamide (CPAM) or ferric chloride. The filter ability of co-conditioned sludge was affected by the dose of the natural zeolite was evaluated using Specific Resistance to Filtration (SRF) as well as moisture content (MC). The results showed that pretreating the sludge with a combination of natural zeolite and CPAM or ferric chloride can improve sludge dewaterability over CPAM or ferric chloride conditioning alone. When used 2.5kg/tonne CPAM and natural zeolite to adjust the sludge, the maximum reduction of the SRF is form 1.4294× 1013m/kg to 1.009× 1013m/kg, and the maximum reduction of the moisture content (MC) is from 86.04% to 82.17%. Experiments demonstrated that the natural zeolite (>140meshes) can reduce the concentration of ammonia nitrogen in the reject water, the maximum reduction of the concentration of ammonia nitrogen is from 7.079mg/L to 2.921mg/L. So it can improve the mass of the nitrogen nutrient in sewage sludge after dehydration and improve agricultural potential of the sludge. Use 2.5% dry solid (DS) of ferric chloride in combination with the optimum partical size (>140meshes) to adjust the sludge, the maximumreduction of the SRF is from 1.38×1013m/kg to 1.09× 1013m/kg.
I. INTRODUCTION
Wastewater treatment processes produce large amounts ofsludge that commonly contain over 95% water [1] . This high moisture content cause the high costs of transportation and handing. So the reduction of the sludge volum become the most important part of sludge treatment prior to disposal.
The presence of organic components, mainly bacterial cells and extracellular polymeric substances (EPSs), and supracolloidal (>1 lm) particles in the sewage sludge makes the dewatering difficult even at the high pressures of mechanical dewatering [2] . Chemical conditioners,such as polyacrylamide, inorganic flocculant, and surfactants has been used as a conditioner for improving sludge dewater ability. However, achieving final cake solids of a significantly higher solids concentration is hindered by the high compressibility of the flocculated sludge during the compression stage of mechanical dewatering and the sludge cake particles can be easily deformed under pressure following cake growth causing cake void closure and a subsequent reduction in sludge filter ability [1] .
Physical conditioners, known as skeleton builders or filtration aids, have been employed to improve the dewaterability of sludge. These physical conditioners can form permeable and more rigid lattice structures that can remain porous during mechanical dewatering [3] . A wide range of carbon-based materials have been used as physical conditioners, including lignite [4] , char [5] , coal fines [6] . Organic waste solids such as bagasse [7] , wood chips and wheat dregs [8] . Minerals including gypsum [9] [10] [11] , fly ash from municipal sludge incineration [12] , coal fly ash modified by sulfuric acid [13] , cement kiln dust [14] .
Natural zeolite has many functions as a non-matallic mineral material. It has apply in many fields, such as environmental engineering, agriculture [15] , chemistry [16] . It has a strong adsorptive capacity so that it can be used as a adsorbent to disposal sewage, purify drinking water: removal of ammonia nitrogen and organics [17] , removal of metal ions [18, 19] and air purification [20, 21] .
Although inert materials have been previously investigated as sludge conditioners, natural zeolite has not been used as a skeleton builder to condition sludge. This study explored the improvement of municipal sludge dewater ability by co-conditioning with natural zeolite and CPAM; natural zeolite and ferric chloride; the different characteristics of this two methods are disscussed in this paper. The optimal partical size of natural zeolite in condition of sludge and reduction of the concentration of ammonia nitrogen in the reject water is also investigated.
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II. MATERIAL AND METHODS
A.
Test Materials The sludge samples were collected from a municipal sewage treatment plant in Nanjing City, China. To minimize microbial activity, the samples were stored in a refrigerator (at4℃). The sludge sample characteristics are shown in 
The natural zeolite was first milled using grinding bowl and then sifted with 140 meshes. The natural zeolite must preserve in a drying vessel, because it can absorb the water in air.
A cationic polyacrylamide (FC-205), with amolecular weight of 40×10 5 and a aqueous solution viscosity of 800-1500, was used as a sludge conditioner. The CPAM solutions (2000 mg/l) were prepared by completely dissolving the powdered polyacrylamide in distilled water. The ferric chloride solutions (50g/L) were prepared by completely dissolving in distilled water as well.
B.
Experimental Procedure Natural zeolite was firstly added to a 100 ml sludge sample in a 200 ml beaker with the different dose which expressed as the percentage of sludge solids concentration. After 30 seconds of rapid mixing (300rpm) at to ensure dispersion, 10 mL CPAM solutions or 2mL ferric chloride solutions were added to the beaker. To promote flocculation, the stirring speed for sludge flocculation is 300 rpm for the first 20 s, followed by 100 rpm for a further 40 s. The contents are then transferred to a funnel fitted with a filter paper and vacuum filtration is started after the contents standing for 1 minute with a vacuum pressure of 0.5Mpa. The vacuum filtration kept working until the vacuum degree was broke, if not, kept working for 10 minutes.
In order to measure the moisture content (MC) of the cakes, the filtrated cakes were dried in an oven at 105℃ for 4 -6h until the weight of cakes were constant.
C.
Analytical Methods Sludge dewater ability was measured by the standard Buchner funnel test and was expressed in terms of the specific resistance to filtration (SRF) and the moisture content (MC) of the cakes. The SRF was obtained using the equation (1) [1] . In the equation, μ is the liquid viscosity (Pa s),A is the filter area (m2), P is the applied pressure (Pa), ω is the mass of cake solids deposited per volume of filtrate (kg/m 3 ), a is the slope of the linear plot of t/v versus v.
The moisture content was measured in accordance with standard ethods [22] . The pH was measured using a digital pH-meter.
The parameter c was obtained using the equation (2) 1 100 100
In the equation, c i is the mass of dry sludge of 100g sludge; c f is the mass of dry sludge of sludge cake.
The concentration of nitrogen was measured use Nessler's reagent spectrophotometry. The ammonia nitrogen concentration of the standard curve was the equation (3) Y=0.038x-0.008
In this equation, x is the concentration of ammonia nitrogen (mg/L); y is the absorbance.
III. RESULTS AND DISCUSSIONS
A.
Dewatering Charrcterristics of CPAMnatural Zeolite Co-conditioned Sludge Y.Q. Zhao [11] has demonstrated that addition of skeleton builder but itself could hardly improve dewatering process, because skeleton builder is not a flocculant, it does not have the ability to flocculate the sludge particles as is the case of the polymer, it must in association with a polymer.So this work used CPAM and natural zeolite to cocondition the sludge. It was found that the moisture content (MC) of the cakes decreased with the increase of the natural zeolite dosage, as the dosage of the natural zeolite (>140meshes) from 0% to 240%, the moisture content (MC) of the cakes from 86.04% to 82.17%. Similarly, the SRF also decreased, with a natural zeolite dosage of 240% the sludge SRF decreased 29.4%. 
Dewatering Charrcterristics of Ferric chloride -natural Zeolite Co-conditioned Sludge
Using natural zeolite associated with ferric chloride solution to co-condition the sludge. As showed in the Fig. 2 , the sludge SRF dramatically decreased with the increase of the natural zeolite dosage, nevertheless, when the dosage beyond 80%, the moisture content (MC) of the cakes increased as the natural zeolite dosage increased and some moisture content (MC) of the cakes even higher than that of the sludge which only conditioned with ferric chloride solution. This was no difficulty in explaining the characteristics of ferric chloride was different with that of CPAM. When using ferric chloride and natural zeolite to cocondition the sludge, the sludge cake was cracked and the more dosage of natural zeolite, the more of the cracks. Moreover, the dewater ability would be worse. natural zeolite (>140 meshes) dosage(%) natural zeolite Figure 3 . The influence of natural zeolite on ammonia nitrogen in the filtrate Fig. 3 , clearly showed that adding natural zeolite into the sludge could decrease the concentration of ammonia nitrogen in the filtrate, stop ammonia nitrogen to lose. At the dosage of 240%, the concentration of ammonia nitrogen decreased 59% in the filtrate. Natural zeolite may retain the loss of the nitrogen nutrient in sewage sludge after dehydration and improve agricultural potential of the sludge. In China, most of municipal wastewater treatment plant adopt the method of recirculating sludge water to the influent inlet, which causes the actual nitrogen load of the treatment system higher than the design load, so that there is an incomplete nitrification in municipal wastewater treatment plant [23] .So adding natural zeolite into the sludge may offer a selectable way to solve this problem and reduce the risks of water eutrophication.
IV. CONCLUSIONS
The effects of natural zeolite associatede with CPAM or ferric chloride on sludge dewatering were experimentally measured in this research. It demonstrated that the natural zeolite particals can be used as skeletal builder in sludge condition to improve its filterability. Natural zeolite helps to build up a more porous, permeable and rigid lattice structure of sludge cake. Adding natural zeolite into the sludge could decrease the concentration of ammonia nitrogen in the filtrate, stop ammonia nitrogen losing in sludge, so it can improve the mass of the nitrogen nutrient in sewage sludge after dehydration and improve agricultural potential of the sludge. Moreover, adding natural zeolite into the sludge could solve the problem of the actual nitrogen load of the treatment system higher than the design load, and it could reduce the risks of water eutrophication.
